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16 Abstract 
This investigation provided data for the evaluation of the aerodynamic performance of 
a se r i e s  of twisted and cambered delta wings designed for  a Mach number of 3.5. 
force and pressure  data a r e  also presented for comparison with theory. 
Systematic 
Force tes t s  were made at Mach numbers of 2.3, 3.0, 3.5, 4.0, and 4.6. Design lift 
coefficients of 0.0 and 0.1 were employed on the 55O and 68O sweep wings, and design lift 
coefficients of 0.0, 0.05, and 0.1 were employed on the 76O sweep wings. P res su re  tes t s  
were conducted on the 55' and 76' sweep flat wings and on the 0.1 design lift coefficient 
7 6 O  sweep wing. 
The resu l t s  indicate that for the sweep angles tested, a n  increase in the zero-lift 
pitching-moment coefficient is the pr imary benefit of twist and camber a t  a Mach number 
of 3.5. Comparison of the experimental resu l t s  with resu l t s  obtained from several  lift 
theories indicates that the Carlson-Middleton linear theory method gave the best overall  
agreement. The pressure  data indicate, however, that there is a fortuitous cancellation 
of e r r o r  at high angle of attack where the lower surface pressures  are significantly under- 
predicted over the inboard region of the wing and where the upper and lower surface pres -  
su res  a r e  overpredicted over the outboard region of the wing. 
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SUMMARY 
This investigation provided data for the evaluation of the aerodynamic performance 
of a series of twisted and cambered delta wings designed for a Mach number of 3.5. Sys- 
tematic force and pressure  data are also presented for comparison with theory. 
Force  tes ts  were made a t  Mach numbers of 2.3, 3.0, 3.5, 4.0, and 4.6. Design lift 
coefficients of 0.0 and 0.1 were employed on the 55O and 68O sweep wings, and design lift 
coefficients of 0.0, 0.05, and 0.1 were employed on the 76O sweep wings. P res su re  tests 
were conducted on the 55O and 76O sweep flat wings and on the 0.1 design lift coefficient 
76O sweep wing. 
The resul ts  indicate that for the sweep angles tested, an  increase in the zero-lift 
Comparison of the experimental resul ts  with resul ts  obtained from several  lift 
pitching-moment coefficient is the primary benefit of twist and camber a t  a Mach number 
of 3.5. 
theories indicates that the Carlson-Middleton linear theory method gave the best overall  
agreement. The pressure  data indicate, however, that there  is a fortuitous cancellation 
of e r r o r  a t  high angle of attack where the lower surface pressures  a r e  significantly under- 
predicted over the inboard region of the wing and where the upper and lower surface pres-  
s u r e s  are overpredicted over the outboard region of the wing. 
INTRODUCTION 
The performance benefits of twist and camber applied to swept wings with subsonic 
leading edges at moderate supersonic speeds have been demonstrated both theoretically 
(refs. 1 to 5) and experimentally (refs. 6 to 8). 
speeds are a higher lift-drag rat io  relative to that for  a flat wing and a positive zero-lift 
pitching moment. The positive zero-lift pitching moment has provided for  self-trimming 
configurations with little or  no t r im  drag at supersonic speeds. It is not known, however, 
whether tw i s t  and camber provide similar benefits in the high supersonic speed range. 
The benefits at moderate supersonic 
!' 
Reference 9 indicates that the benefits are minimal for  delta wings at Mach numbers 
above about 3.0, but that double delta planforms might provide some benefits up to about 
Mach 4.5. 
The purpose of this investigation was  to provide data for the evaluation of the aero-  
dynamic performance of a series of twisted and cambered delta wings designed for a 
Mach number of 3.5; the investigation also provided systematic force, pressure,  and flow- 
visualization data in  the Mach number range from 2.3 to 4.6. The wings tested were not 
intended to  represent  optimum aerodynamic designs for a Mach number of 3.5,  but were 
intended to provide data which could lead to optimum design. 
The purpose of the pressure investigation w a s  to aid in the analysis of the force 
data and to provide, insofar as possible, systematic and detailed data for comparison 
with theory. To date, no analytical technique has been developed to predict accurately 
the detailed loading a t  high angles of attack. It is essential that high angle-of-attack 
pressure data through a Mach number range on a se r i e s  of wings, as  provided by this 
investigation, be available if such a technique is to be developed. 
Force  tes ts  were made on seven wings; detailed pressure  data were taken on three 
of the seven wings at Mach numbers of 2.3, 3 .0 ,  3 .5 ,  4.0, and 4.6 through an  angle-of- 
attack range from about -5' to 23'. 
which follow the figures. Boundary-layer transition w a s  fixed and all tes ts  were con- 
ducted at a free-s t ream Reynolds number of 8.1 X lo6 per meter. 
These data a r e  tabulated in appendixes A and B 
SYMBOLS 
The resul ts  are  referred to the stability-axis system. The moment reference point 
is at 56.9 percent of the overall  length for all models. Angle of attack is referenced to 
the center line of the strain-gage balance. 
b span 
CD 
Drag drag coefficient, -
(L" 
CD, C zero-lif t camber drag coefficient 
cD,W zero-lift wave drag coefficient 
CL 
Lift lift coefficient, -
q,s 
CL,des design lift coefficient 
2 
potential lift coefficient 
Pitching moment pitching-moment coefficient, 
qmSC 
pitching-moment coefficient a t  zero lift 
normal-force coefficient, Normal force 
q,s 
CN = -, per deg 
ACr 
P - P, 
q m  
local pressure coefficient, -- , Cp in computer-generated tables 
and plots 
local chord 
mean geometric chord 
section normal-force coefficient, lo1'" ACp d($) 
lift-drag ratio 
maximum lift-drag ratio 
f ree-s t ream Mach number 
local pressure,  N/m2 
f ree-s t ream static pressure,  ~ / m 2  
free-s t ream dynamic pressure,  N/m2 
reference wing area, 0.2045 rn2 
longitudinal distance measured from model apex, cm 
Y spanwise distance measured from model center line, cm 
3 
o! angle of attack, deg 
A leading-edge sweep angle, deg 
01 
I-1 Mach angle, deg 
Abbreviations: 
L. s. lower surface 
u. s. upper surface 
MODEL TESTS 
Model Design 
The three sweep angles employed were selectel to cover the three basic leading- 
subsonic, supersonic with detached edge conditions at the design Mach number of 3.5: 
leading-edge shock, and supersonic with attached leading-edge shock. 
wing had a subsonic leading edge at a Mach number of 3.5, the 68O sweep wing w a s  esti-  
mated to have a detached shock at angles of attack above 3 O ,  and the 5 5 O  sweep wing w a s  
estimated to have a detached shock at angles of attack above 15O. 
The 76O sweep 
The cambered and twisted wings were designed by using a computer program based 
on the method described in reference 3 .  This program determines the wing camber and 
twist which supports a n  optimum combination of three specified loadings so that the wing 
has minimum drag for a given lift coefficient. A body of revolution w a s  added symmetri-  
cally about the wing center line to provide a housing for the strain-gage balance. 
base diameter w a s  5.08 cm for all wings and w a s  the minimum diameter required to 
house the balance. For the 76' leading-edge sweep models, the root chord incidence as 
given by the computer program exceeded that incidence believed practical. Accordingly, 
for these wings the mean camber surface was significantly modified in the root chord 
region. For  example, the z-ordinate a t  the trailing edge of the root chord for the 
CL,des = 0.1 wing w a s  changed from 11.4 cm to 6.8 cm. The CL,des = 0.05 wing 
w a s  designed by using the option of reference 10; in this option, the z-ordinate of the 
trailing edge a t  the model center line is constrained to a specified value. For this 
wing a value of 4.45 cm w a s  used for the constraint, and the root chord w a s  refaired 80 
that the trailing-edge ordinate was  3.82 em. 
numerical program w a s  left unchanged for the 68O and 55O sweep-angle wings. It should 
The 
The root chord camber as defined by the 
numerical techniques used in the computer program. 
wings  were sheared vertically so that the mean chord lines are flat ac ross  the span at 
50 percent of the root chord. 
The airfoils for all the cambered 
Models 
Force models.- The models had clipped delta wings of equal planform area and 
empIoyed three Ieading-edge sweep angles: 7 6 O ,  6 8 O ,  and 55O. (See figs. 1 and 2.) One 
flat and one cambered and twisted wing designed to have minimum drag a t  CL,des = 0.1 
and a Mach number of 3.5 were tested for each sweep angle. In addition, a '76O sweep 
wing cambered and twisted to have minimum drag a t  CL,des = 0.05 and a hIach number 
of 3.5 was  tested. All  the wings had 4-percent-thick circular-arc  airfoils. A minimum- 
volume body housed the strain-gage balance and provided for minimum departure from 
the prescribed optimum loading distribution. The body base diameter of 5.08 cm for  all 
models permitted sting mounting from the rear on the main support system of the tunnel. 
All models except the CL,des = 0.05 wing  were measured on a three-dimensional digi- 
tizer. The resulting numerical configuration data (in the form described in ref. 11) are 
presented in tables I to VI. 
P re s su re  models.- Three of the force models were duplicated as pressure  models: 
the 7 6 O  sweep a t  CL,des = 0.1, the 7 6 O  sweep flat, and the 55' sweep flat. The pressure  
tubes were integrally cast  into the models to permit a grea te r  number of more closely 
spaced pressure measurements. (See appendix B for pressure orifice locations.) On 
the 7 6 O  sweep cambered and the 76O sweep flat wings, the upper and lower surface o r i -  
f ices  were serviced by the same pressure  tube: this technique required taping one su r -  
face while the other surface was being tested. The models were sting mounted from the 
rear on the main support system of the tunnel. 
Tunnel Description 
Tes ts  were conducted in the high Mach number test  section of the Langley Unitary 
Plan wind tunnel which is a variable Mach number, variable pressure,  continuous-flow 
tunnel. The test  section is approximately 1.22 m square. (See ref. 12 for a more 
detailed description of this facility.) 
Test  Measurenients and Corrections 
All tes ts  were conducted a t  a f ree-s t ream Reynolds number of 8.1 r. lo6 per meter. 
The stagnation temperature was maintained a t  338 K €or Mach numbers of 2.3, 3.0, and 
3.5, and a t  352 K for  Mach numbers of 4.0 and 4.6. Transition s t r ips  composed of 
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number 40 carborundum gr i t  (0.0460 f 0.0041 cm) were fixed a t  a position 1.016 cm aft 
of the leading edge in a streamwise direction. The gr i t  was individually spaced so as to 
be three diameters apar t  on centers. 
Aerodynamic forces  and moments were measured by means of a six-component 
electrical  strain-gage balance housed within the model. All pitching moments were ref- 
erenced to a point which would provide a subsonic static margin of 0.05E as calculated by 
a Langley subsonic aerodynamic computer program based on the method of reference 13. 
Angle of attack for all the models is defined as the strain-gage balance angle of 
attack and has been corrected for tunnel flow angularities and sting and balance deflec- 
tion due to aerodynamic loads. The, data have been adjusted to represent  the condition 
of f ree-s t ream static pressure  acting over the base of the body. 
P res su res  were measured by four scanning values. All pressure coefficients were 
referenced to f ree-s t ream static pressure.  
Accuracy 
Force  data.- Given the balance accuracy of 0.5 percent of maximum load, the var i -  
ous parameters  can be estimated to be accurate within the following limits: 
C D . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.0005 
C L . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.006 
Cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.006 ( 7 6 O  sweep) 
k0.007 (68O sweep) 
k0.01 ( 5 5 O  sweep) 
The accuracies a r e  based on a dynamic pressure of 14 100 N,’m2 (the nominal dynamic 
pressure for a Mach number of 4.60). 
Pressure  data.- The accuracy of the scanning valve system is better than 1 percent 
of the gage range of 34 kN/mz. When expressed as pressure coefficient, this accuracy 
var ies  from 0.01 a t  a Mach number of 2.3 to 0.03 a t  a Mach number of 4.6. 
RESULTS AND DISCUSSION 
For the convenience of the reader ,  the large volume of basic experimental data is 
placed in appendixes A and B. Only summary data, selected theoretical-experimental 
correlations, and discussions of oil-flow photographs are presented in the main body of 
the text. The longitudinal aerodynamic characterist ics a, CL, CD, and Cm for 
seven wings and five Mach numbers are given in tables A-1 to A-7 of appendix A. Upper 
and lower surface pressure coefficients for the three pressure wings tested are given in 
tables B-1 to B-15 of appendix B. 
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Comparison of Various Theoretical Results With 
Experimental Force Results 
The experimental data for Mach numbers 2.3, 3.5, and 4.6 are compared with data 
obtained by several  theoretical methods (figs. 6 and 7) used for  calculating lift, drag, and 
pitching moment. The theoretical methods used include: small  angle linear potential 
theory (Carlson-Middleton method, ref. 16) ; Polhamus leading-edge suction analogy for 
vortex lift (refs. 15 and 17); the Woodward linear potential theory (refs.  18, 19, and 20); 
and several  hypersonic theories which are options in the Douglas hypersonic arbi t rary-  
body computer program (ref. 21).  
values based on reference 22. 
(Carlson-Middleton and Polhamus suction analogy), the method of reference 23 was  used. 
All the methods shown in figure 7 include skin-friction 
For the theories which do not calculate their own wave drag 
Carlson-Middleton theory.- This theory calculates the lift, pitching moment, and 
drag due to lift numerically by the use of a planar gr id  system (51 X 100 on right-hand 
wing panel). The local surface slope of a point on a lifting surface is related to the pres-  
sure  a t  the point, the influence of pressures  upstream of the specified point being taken 
into account (ref. 16). A small  angle assumption is used in this method so that the lift 
coefficient is given by CL = a. A problem with this  method is that pressures  a r e  
allowed to exceed vacuum. 
The agreement of this theory with experiment is generally good throughout the Mach 
number range for all the wings, but is better for the 5 5 O  and the 68O sweep wings. 
generally good agreement obtained with t h i s  method may be caused in part  by compensating 
e r r o r s  between the use of the small  angle approximation and by permitting pressures  to 
exceed vacuum (discussed further in the section on pressure measurements). 
The 
Polhamus leading-edge suction analogy.- -~ .- ~ The Mach 2.3 data of figures 7(a) and 7(b) 
are unique in that they are the only data obtained for the case where the leading edge is 
sufficiently subsonic to generate a significant amount of vortex lift. 
values of lift slightly exceed those predicted by the Carlson-Middleton method as expected, 
although this fact in itself is not conclusive evidence that there is vortex lift present. The 
lift, pitching moment, and drag due to lift were calculated by using the vortex-lift theory 
described in references 15 and 17. 
that when leading-edge suction is lost, it is converted into a normal force o r  vortex lift. 
The total lift is assumed to be the vortex-lift increment plus the potential lift. 
potential lift is defined as the linear potential theory lift (or Carlson-Middleton) described 
previously but without the small  angle assumption. Therefore, the equation for potential 
lift is given by: 
The experimental 
This vortex-lift theory is based on the assumption 
The 
8 
c L , ~  = c N ~  s in  a! cos2 a! 
where C N ~  is the linear potential theory CL, used in the Carlson-Middleton method. 
The vortex lift w a s  calculated by using the computer program described in refer- 
ence 24. This program calculates the section leading-edge thrust  at several  spanwise 
stations and integrates them to obtain a n  overall  leading-edge suction (vortex lift). The 
subsonic leading-edge cases  shown in figure 7 indicate, however, that the assumption of 
100-percent leading-edge suction is not justified because the lift is consistently overpre- 
dicted. For the supersonic leading-edge cases  (where there is no to r t ex  lift), the 
Carlson-Middleton method generally agrees  as well as the Polhamus analogy even though 
the latter cor rec ts  for the small  angle assumption. Furthermore,  the pressure data (to 
be discussed later)  indicate no significant increment in lift on the upper surface relative 
to linear theory; however, the data do indicate a strong increment of lift on the lower sur- 
face relative to linear theory. 
The pitching moment w a s  found by summing the potential pitching moment and the 
contribution to pitching moment f rom the vortex lift. 
pitching moment is found by assuming that the vortex lift ac t s  along the leading edge nor- 
mal to the wing surface and by integrating the section pitching moment due to vortex lift 
along the leading edge. 
The vortex-lift contribution to 
Woodward. - The unified approach to the aerodynamic analysis of wing-body-tail 
configurations presented in references 18 and 19 has  been extended in reference 20 by 
the introduction of several  aerodynamic singularity distributions. These distributions 
improve the capability to represent  arbi t rary shapes. 
The configuration surface is subdivided into a large number of panels, each of which 
contains an aerodynamic singularity distribution. 
on the body panels, and a vortex distribution with a linear variation in the streamwise 
direction is used on the wing and tail. The normal components of velocity induced at 
specified control points make up the coefficients of a system of linear equations relating 
the strengths of the singularities to the magnitude of the normal velocities. 
inversion procedure is used to solve this system of equations for the singularity strengths 
which satisfy the boundary conditions of tangential flow a t  the control points for a given 
Mach number and angle of attack. From these singularity strengths, pressure coefficients 
are calculated, and the forces  and moments acting on the configuration are determined by 
numerical integration. This method, although it uses  linearized theory, does not make the 
small  angle assumptions and l imits pressures  to vacuum after all the pressures  have been 
calculated. 




In figure 7, the agreement between theoretical data and experimental data is gen- 
erally good except at high lift and high Mach number. This exception could be a resul t  
of the failure to apply the pressure-limiting feature until all pressures  have been 
calculated. 
Douglas hypersonic arbi t rary -body computer program. - This program provides for 
the option of selecting the theory to be used for surfaces  under compression and the su r -  
faces  under expansion (ref. 21). In this study, the Prandtl-Meyer expansion w a s  used for 
the expansion surfaces, and three different theories were used for  the surfaces under 
compression: modified Newtonian, tangent wedge, and tangent cone. All three of these 
methods first calculated the pressure  coefficients and then calculated the lift, drag due 
to lift, pitching moment, and drag due to volume. The tangent-wedge option agreed very 
wel l  with experiment for  the higher values of P cot A. 
Zero-lift drag component comparison.- The zero-lift camber and wave drag a r e  
shown in figure 6. 
drag program (ref. 23) by describing the entire model as a wing and using 50 cutting 
plane angles. A special version of the program which allows the wing to have finite 
thickness at the trailing edge w a s  used. 
The zero-lift wave drag w a s  calculated by using the Harris wave- 
The camber drag predictions of the Carlson-Middleton and Woodward methods 
appear to agree equally well at all Mach numbers for the 76O sweep wing. However, for  
the 68O and 55O sweep wings the Woodward program predicts negative camber drag 
whereas the Carlson-Middleton program predicts positive camber drag with reasonably 
good accuracy for  all three sweeps. 
be r s  agree with experiment reasonably wel l  a t  all sweep angles although the predictions 
for the 68O sweep are somewhat high. 
The tangent-wedge predictions a t  higher Mach num- 
The Woodward program overpredicts the zero-lift wave drag a t  the lower Mach 
numbers for  the 680 and 55' sweep wings while comparing very wel l  with experiment for  
the 76O sweep wing. 
the 550 sweep wing for all Mach numbers and at the high Mach numbers for the 680 sweep 
wing. At the higher Mach numbers the tangent wedge predicts the wave drag reasonably 
well except for the 68O sweep wing. 
The zero-lift drag predictions of the Harris program are low for  
Comparison of Various Theories With Pressure  Tests  
Coinparisons of experimental p ressure  data for representative angles of attack with 
data obtained from both the Woodward theory (ref. 20) and the Middleton theory (ref. 25) 
a r e  presented in figures 8 to 16. 
were integrated to obtain the spanwise lift distributions shown in figure 17. 
Pressure  data for the 76' sweep wings (figs. 8 to  13) 
The Woodward theory shown in figures 8 to 16 employs a pressure-limiting feature 
which l imits pressures  to vacuum after all the pressures  have been calculated. 
10 
The 
Middleton method, on the other hand, allows the user  to select the fraction of vacuum he 
wishes to use, and the pressure limiting is applied as  the pressures  a r e  calculated. For  
figures 8 to 16 a vacuum fraction of 0.7 w a s  used. This limit appears to work very w e l l  
for the upper surface, but since the program in i t s  present form constrains the total 
lifting pressure,  it unnecessarily l imits the lower surface pressures.  A s  a result ,  the 
lower surface pressures  a r e  consistently underpredicted a t  the higher angles of attack. 
The numerical model used for  the Middleton method w a s  an  all wing description. 
The data shown in figure 12(b) represent  the CL,des = 0.1 design case for the 
76O sweep wing. 
method without pressure limiting. By assuming that the pressures  do not exceed vacuum, 
the data would be expected to agree  more closely with the Middleton method without pres-  
sure  limiting than they do. 
does not lift as  much as expected. 
camber and twist a r e  expected to provide a thrust  component. 
su re s  on the lower surface near the leading edge a r e  considerably overpredicted and 
show no inclination to follow the theoretical predictions a t  the leading edge. 
tion to the overprediction on the lower surface is the center-line station (fig. 12(b)) where 
the pressures  were underpredicted near the leading edge. 
apparently caused by the groove (see fig. 2) on the lower surface center line (which 
resulted from shearing the camber lines) since the flat wings do not show this phenome- 
non a t  moderate angles of attack. Comparison of data obtained by the Middleton without 
pressure  limiting method with the data of the two outboard stations (figs. 9(b) and 12(b)) 
indicates boundary-layer separation which is substantiated by the oil-flow photographs 
of this region (figs. 4(a) and 4(b)). 
The camber w a s  designed with technology similar to that of the Middleton 
In general, it  appears that the outboard section of the wing 
This outboard section is the a rea  of the wing where 
The experimental pres-  
The except- 
This underprediction w a s  
At the high angles of attack tested for each wing, linear theory appears  to be totally 
inadequate, especially ' for  the lower surface where the experimental p ressures  a r e  much 
higher (except a t  the tip) than the estimates. 
lower surface, the question a r i s e s  as to the significance of a relatively small  vortex-lift 
correction which is assumed to occur on the upper surface only. Figures 8(c) and l l ( c )  
indicate a small  amount of vortex lift at 2y/b = 0.2. However, the lower surface pres-  
su res  indicate that if lift greater  than that predicted by linear theory exists, it would be 
caused by lower surface effects and not by vortex lift. The lower surface pressures  also 
indicate that the force data correlation with theory (Carlson-Middleton) is fortuitous at 
the highest angles of attack because underprediction of lift at the inboard stations is can- 
celed by overprediction of lift at the outboard stations. Since the zero- 
thickness linear theory prediction assumes equal pressure  coefficients of opposite sign 
on the upper and lower surfaces, the high pressure coefficients measured on the lower 
surface (approximately twice those measured on the upper surface) could not be obtained 
In view of this large discrepancy for the 
(See fig. 17.) 
theoretically 
- 
Il1l111ll11l I 1  I l l 1  I I l l  l l l l l  
Pressu re  limiting as applied in the Middleton method would tend to magnify 
11 
4 
this  discrepancy further since the l imits are applied to the loading parameter 
Thus, the assumption of equal pressures  of opposite sign on the upper and lower surfaces  
would resul t  in even lower pressures  than those obtained without pressure limiting. 
ACp. 
Reference 26 compares pressure data with linear theory on a se r i e s  of delta wings 
at Mach numbers f rom 1.62 to 2.41. This reference shows the same underprediction of 
lower surface pressure coefficient a t  a n  angle of attack as low as 7O. 
CONCLUDING REMARKS 
The experimental resu l t s  indicate that for  the wings tested, a n  increase in the 
pitching-moment coefficient a t  zero lift is the primary benefit of twist and camber 
a t  a Mach number of 3.5. 
Comparison of the experimental force data resul ts  with resul ts  obtained from several  
lift theories indicates that the Carlson-Middleton method gave the best overall agreement 
a t  all conditions. It is thus concluded that linear theories can be used with good accuracy 
to estimate lift, drag due to lift, and pitching moment on slender wing-body configurations 
up to a Mach number of 4.6 a t  moderate angles of attack. The pressure  data, however, 
indicate that there  is a fortuitous cancellation of e r r o r  a t  high angle of attack where the 
lower surface pressures  a r e  significantly underpredicted over the inboard region of the 
wing and where the upper and lower surface pressures  a r e  overpredicted over the out- 
board region of the wing. 
It appears from both the force and the pressure data that any proper correction 
made to the theory for vortex lift would be small. 
Langley Research Center 
National Aeronautics and Space Administration 
Hampton, Va. 23665 
May 10, 1976 
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TABLE I.- NUMERICAL CONFIGURATION DATA FOR WING WITH 7 6 O  SWEEP, 
WtFA 
A A F  1 0  
X A F  2 0  
wAFORC, 1 
WAFOR(? 2 
k A F U R G  3 
WAFORG 4 
I J A F 0 4 G  5 
uiQFOQG 6 
k A F O H 6  7 
WAFOH(; i3 
c P F O R G  9 
W A F D R G l O  
W A F O H 6 1  1 
w A F U R G 1 2  
w F F 0 k C i l 3  
bJ A F 0 6'b 1 4 
d A F O W 6 1 5  
k A F 0 Q G l  b 
g A F O W G 1 7  
WAF O R 6  19  
W A F O P G l 9  
TZOHT) 1 
T Z O Q D  1 
T Z O P O  Z 
T 7 0 k 0  2 
T Z O P D  3 
T Z O k i )  3 
T 7 O R D  4 
T Z O R D  4 
T Z O U O  5 
T Z O U O  5 
TZOHLI  6 
T Z O R D  6 
T Z O H D  7 
T Z O H O  7 
TZOWU 6 
T Z O R D  ti 
TZOWD 9 
T Z O R D  9 
TZOFti) 1 0  
T 7 0 k C  1 0  
T L O H U  11 
T Z O H P  11 
TZOHC) 12 
T 7 O k 5  1 2  
T Z O C . 0  1J 
T Z O R U  13 
T 7 O P O  14  
T 7 O R i l  1 4  
T Z O H O  1s 
T Z O M D  15 
16 
TABLE I.- Concluded 
-.018 
-.010 





















0 . 0 0 0  
1.545 
0 . 0 0 0  
1.550 




0 .000  
1 455 




0 . 0 0 0  
1 e442 








-e023 e . 0 2 0  
-no13 -.010 
-e036 "036 
- . 0 1 5  -.010 
-e025 - e 0 2 3  
.OOH . O 1 0  
.083 . l o 2  
2.078 2.299 










0 0 6 3  - 0 9 2  
1.922 2.143 
mO60 e 0 8 6  
1.75A l a y 3 3  
e065 . 0 9 2  
1.735 l e d 6 4  
e063 .U49 
1.739 l . dh3  
e059 .Od6 
1.753 l . ed2  
.049 .071 
1.720 l e d 5 4  
eO4b - 0 6 7  
1.6ti8 l a d 2 5  
. O S 1  - 0 7 6  














- . O O R  
-e033 
-.005 -. 020 

























. l o 9  
1.920 
.120 












































2 . 0 0 8  
224 








1 - 9 6 4  
.352 
2.077 
- W O O 5  
-.oorj 
- 0 0 1 8  
-.UP5 
0 .000  




- 4 2 6  
2.791 








- 4 5 1  

























































































. 8 l h  
7.666 
































- . U O 5  






















































































T Z O R D  16 
T i 'OkD 17 
TZOPD 1 7  
T Z O H D  18 
T Z O H D  1 b  
TZOHO 15 







\ u A F O H i )  4 
'HlAFtiWD 4 
eACOF(0 3 
WAFORL,  5 
W A F 0 4 0  h 
wAFOUD h 
s A F O H D  7 
WPFOQI)  7 




W P  F OH[) 1 u 






k A F  O k D  13 
kAFUkLJ14 
bv A F OkU 14 
w AFuW 15 
urAFDkU1S 
W AFDri) 16 
WAFCHl)lh 
wAFUWD17 
W P F  O Y D  17 
k A F O t 4 l j 1  q 
\\I A F 0 Y L )  1 ti 
w AFG4019 
'w A F 0 H L) 1 9 
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TABLE U.- NUMERICAL CONFIGURATION DATA FOR WING WITH 76’ SWEEP, 
1 1  1 9  20 
2045.16 
0.0 0.5 .75 1.25 2.5 5.0 7.5 10. 15. 20. 
25. 30. 35. 40. 50  60 7 0  80. 90. 100.0 
0.000 0.000 0.00G 90.731 
.OS8 a214 0.000 90.655 
.8H9 - 4 3 2  0 .000  b9.812 
1.740 .64R 0.000 88.928 
2.664 e864 0 .000  87.986 
3.553 1.OPO 0.000 Y7.092 
4.359 1.29% 0.000 d6.2P6 
6.020 1.727 0.000 84.607 
7.826 2.154 0 . 0 0 0  b2.7tr9 
Y.431 2.540 0.000 81.178 
16.754 4.305 0.000 73.889 
25.32b 6.459 0 . 0 0 0  bS.303 
34.039 8.611 0 .000  56.563 
42.710 10.745 0.000 47.854 
51.377 12.918 0.000 39.134 
60.030 15.070 0 . 0 0 0  30.437 
68.732 17.224 0.000 21.671 
77.401 19.378 0 .000  12.959 
HkJ.933 21.397 0.000 4.348 
5.606 5.SHO 5.56H 5.542 5 .4h l  5.258 5.024 4.7h0 4.204 3.607 
2.974 2.385 1.908 1.473 e665 - 0 4 6  -.3?P -.4h0 -e041 
5.634 S e b O e  5.5Yb 5.56s 5.4Yl 5.281 5 . 0 5 2  4,806 4.2?1 3 - 6 1 ?  
2 . 9 8 2  2 . 3 ~ 0  1.910 1 . 4 7 ~  .hh5 .os1 -.330 -.457 - . 3 i 5  . O Z R  
5.443 3.41d 5.403 3.370 5.276 5.09R 4.905 4.666 4.092 3.493 
2.865 2.301 1.834 1.412 - 6 1 7  -020  -.340 -.452 -.312 -.OS6 
5.171 5.144 5.128 5.090 4.983 4.631 4.666 4.455 3.317 3 .730  
2.725 2.197 1.750 1.336 - 5 b l  -eo13 -a353 -e450 -e312 -e023 
4.8b4 4.818 4.736 4 - 7 5 ?  4.651 4.514 4.361 4.166 3.691 3.124 
2.568 2.080 1,651 1.250 e 5 0 0  -*OS3 -e368 -0452 -a310 -.OlS 
4.524 4.465 4.442 4.402 4.321 4.176 4.0?3 3.84P 3.432 2.921 
2.410 1.969 1.SbS 1.173 a447 -.OR9 -.381 -.457 -e310 -.OhY 
4.155 4.12s 4.110 4.U77 3.995 3.h40 3.698 3.S43 3.1HO 2.723 
2.273 1.872 1.4-54 1.120 e414 -e109 -e389 -a457 -a307 . O O R  
3.515 3.493 3.475 3.434 3.34s 3 . 2 3 3  3.122 3.010 2.715 2.362 
1.778 1.496 1.229 .950 . 3 9 i  - . o h 6  -.345 - . 4 ~ ,  - .LY+ .071  
2.012 1.674 1.361 1.041 -389 -a094 -.366 -.439 -e264 e074 
2.U91 2.880 2.U73 2.960 2.814 2.733 2.hh7 2.573 2.316 2.047 
2.443 2.436 2.431 2.421 2e.394 2.357 2 . 3 0 6  2.217 2.014 l . h?4  
1.596 1.359 1.118 .6h6 .34H - . l l ?  -.391 -.437 -.239 . 0 0 F  
-98.3 .4q6  1.001 1.013 1.046 l . l @ L ;  1.153 1.184 1.179 1.105 
1.008 . H 4 2  - 7 4 2  .5h2 a257 -.On4 - e 3 9 6  -e691 -.947 -1.?34 
e386 e434 - 4 4 7  .4bO .47H - 5 b 4  .b17 .558 .704 . 7 j 2  
,721 -67.3 .b17 , 5 3 3  .31S . O H b  -.155 -e424 -.by1 -.9h0 
.253 - 2 6 7  m297 .31d e351 - 4 2 4  .4HS - 5 3 4  me38 - 7 0 6  
0 7 4 2  e744 - 7 1 9  .hbk .S4b - 4 0 4  - 2 7 9  - 0 4 3  -e178 -.399 
.h12 ab38 a b 5 0  - 6 7 3  - 7 0 4  a767 e631 .dHh .Ye3 1.054 
1.099 1.097 1.092 1.0&2 1.052 - 9 8 6  ’ - 9 0 2  .7R7 .b17 .353 
1.247 1.2’62 1.270 1.285 1.313 1.351 1.389 1.430 1.311 1.577 
1.h2h l . h S Y  1.704 1.725 1.7S5 1.7hP 1.717 1.63H 1.521 1.SOH 
H E F A  
X A F  1 0  









h A F O h G  Y 
k A F O k G l O  
WAFORtill 
kPFOK(j l2 





i* A F OFC 6 1 3 
k AF 0C)G 19 
T 7 0 P U  1 
T 7 0 R b  1 
T I O H D  2 
T Z O R D  2 
T Z O H O  3 
T Z O k i l  3 
T Z O M D  4 
T Z O R D  4 
TZORL) 5 
T Z O k D  5 
1 7 O R I )  b 
T Z O R U  h 
T L O H D  7 
T Z O Y U  7 
T 7 0 R D  8 
T7UHI.l 6 
T Z O H D  9 
T70HO 9 
T 7 0 k C )  l u  
T70141) I O  
T 7 0 H D  11 
T Z O H D  11 
TLOH!, 12 
T Z O Q I )  1 2  
T Z O H D  13 
TZOHU 1 3  
T Z O H D  14 
TZOHL) 1 4  
T Z O W U  13 
T Z O H I J  15 
18 g 







0 . 0 0 0  
1.904 
0 . 0 0 0  
1.H95 





1 . Y O 3  
0.000 
1. h5H 
0 . 0 0 0  
1 e 8 0 3  
0 .000  
1 .h7H 




0 . 0 0 0  
1.544 


























- 0 7 1  
2 .  i a o  
- 0 7 1  











































2 . 3 9 2  
. l o 5  
2.375 
. l o 5  
2.37Y . O H Y  
2.353 
.079 
22 .303  
.095 
2.237 . Oi iH 
2.156 
.094 
2 . 0 0 5  
. U 7 b  
1.911 
. 0 9 0  
1 .ab7 











1 . H 4 O  . 0 75 
1.4H3 
. 0 8 6  
1 7d7 
3.5b9 
- 0  b z  










2.5h3 . l h 3  
2.552 
- 1 5 1  
2.547 
.133 













. l o 3  
1.327 
.164 


























. 2 3 2  
2.752 































z . o i o  














.41? . 6 l l  
?.h34 2.P47 
























- 4 6 5  - 6 5 6  
1.996 1.754 
a475 .6h9 
2.067 l .@?t j  















7.889 . q22 
2.866 
.Y16 
7.822 . H 0 6  
2.749 




















. e l 9  
1.355 
- 8 4 1  
1.466 
- 9 1 3  
1 e771 
2.09b 2.164 












1.244 l . b l 6  
2.636 2,605 
1.250 1.622 

























. 7 4 2  I ) .  
.7h? 0.  
.HOR 0. 
.7b8 i). 
. U Y ~  a. 
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TABLE In.- NUMERICAL CONFIGURATION DATA FOR WING WITH 68' SWEEP, 
1 1  20 21 
2045.16 
0 .  .> .75 1.25 2.5 5 .  7.5 1 0 .  1 5 .  20 .  
2 5  3 0 .  35 .  40 .  50 6 0 .  7 0 .  r0. 9 0 .  93. 
100 .  
.OS1 0 . 0 0 0  0 . 0 0 0  71.237 
e386 - 2 1 3  0 . 0 0 0  70.907 
e909 e429 0 . 0 0 0  70.388 
1.445 m648 0 . 0 0 0  69.R5,P 
1.976 - 6 6 4  0 . 0 0 0  69 .327 
2.553 1.077 0 . 0 0 0  6n.750 
3.053 1.295 0 . 0 0 0  6Q.245 
4.110 1.727 0 .000  67.175 
5 .171 2.159 0 . 0 0 0  6b.106 
6.093 2.535 O.0OO 65.176 
6.520 2.705 0 . 0 0 0  64.765 
13.216 S.40R 0 . 0 0 0  Sd.016 
19.926 He115 0 .000  51.293 
26.640 10.618 0 . 0 0 0  44.577 
33.343 13.528 0 . 0 0 0  37.876 
40.48Y 16.383 0 . 0 0 0  30.731 
46.860 18 .933 0 . 0 0 0  24.366 
53 .614 21.646 0 . 0 0 0  17.615 
60.340 24.348 0 . 0 0 0  10.8R9 
67.104 27.056 0 . 0 0 0  4.097 
- .079  - .04a  - .os1 -.ash - .os3  - .oh1 - .oh6  --.OM - . u> l  - . 033  
- .033 -e043  - e 0 2 8  - . 0 0 3  - 0 1 5  e030 - 0 4 1  - 0 5 1  .023 e 0 . 3 0  
- 0 3 0  
-e069  -e043 -e043  - . 0 4 R  - a 0 5 6  -.Oh1 -.Oh4 - e 0 8 9  - . 0 4 8  -.U2tj 
- .02 t ,  - .033 - . o i ~  . o o 3  . O ~ O  . 0 3 o  ,046  . o s 3  .n30 . 0 4 i  
-.023 - .033 -.015 .oos , 0 2 3  ,028 .048 .056 . o ~ n  .043 
- .os1 - .ob6 - .043 - . 0 4 6  - .053  - .oh1 - . 0 6 i  - . 053  - .033  .oos 
e041 
- .058 - 0 0 4 6  -.048 -.OS1 -.O5b -e064  -.06h - e 0 5 6  -.U43 - e 0 1 8  
043 
-a003 - . O l d  a003 - 0 1 s  - 0 3 0  e033 .U58 - 0 5 6  e033 .OS3 
053 
-e053  -e043  -eo43  -e048  -.OSb -.Oh4 -.Oh1 -.OS3 -e033  - 0 0 6  
- 0 1 5  - * O O c )  .OOS - 0 1 8  e030 - 0 3 0  .OSH .Oh1 - 0 3 6  , 0 5 4  
- 0 5 1  
- . i o 4  - .os3 - . 0 4 j  -.05i - . 0 5 3  - .061 - . o b i  - . 053  - . u J o  . O P S  
. o i 8  . o i o  , 0 2 3  . O ~ S  .043  .03h  .oh1 .oh4 . 0 3 h  . o h 1  
- . 0 5 3  - .043 - .043  - .04t(  - . o s 3  - .oh4 - . o ~ F (  - . us1  -.UZ'R . o o 3  
. o i 5  .OOR .02a  .o30 .033 . O ~ R  .oh4 .oh4 .u33 .064 
061 
064 
- . 0 S h  - e 0 4 1  -e046  - . 0 4 P  - e 0 5 6  -.Oh1 - . 0 5 P  -e051 -e033 - e 0 1 0  
e003 - 0 1 3  mO2H e 0 3 0  - 0 3 b  .02P - 0 7 1  .Oh6 e 0 4 1  .OB1 
.OB1 
-a056  -e046 -e046 -.04P -e053  - *Oh1 - e 0 5 8  - a051  -e033  -e018 
-e009 0 0 0 8  - 0 2 0  - 0 1 5  -010  e015 - 0 7 4  ~ 0 6 1  - 0 6 1  e124 
124  
-e053 -a046 -e043  -a041 -e051 -.OSH -.'OS6 -,04R -e033 -.O20 
- . o i 3  . o o 5  . o i 5  , 0 0 8  .oos 0 .000  . o i o  - . O O R  .ozb .0e4 
0 8 4  
20 
TABLE III.- Continued 
0 5 3  
- . 0 1 3  
.005  
- . 0 4 3  
- . 0 2 a  
0 6 4  
- . 0 3 3  
- e 0 4 1  
Oh4 
- . 0 1 0  
- e 0 4 1  
, 0 7 1  
- e 0 0 5  
- e 0 4 1  
- . 0 7 h  
. 0 0 5  
- . 0 4 1  
- .Ob1 
- . 0 0 3  
- e  0 2 5  -. 0 6 9  
. 0 0 3  
- . 0 1 0  
- . 0 2 5  
. 0 1 3  
. O O A  
- . 0 1 3  
. 0 4 3  . 0 36 . Uh4 
0 . 0 0 0  
1 . 9 1 4  
n.oon 
3 . 5 8 2  
1 . 9 4 5  
0 .000  
1 . 9 4 5  
3 . 5 8 3  
3 . 5 7 9  







1 . 5 7 7  
3.358 
-. 0 4 6  
. 0 0 5  
- . 0 4 3  
. 0 1 0  
- . 051  
. 0 0 3  
-. 0 4 8  
- 0 0 3 0  
-.036 
- .025 
-. 0 2 3  
- 0 0 0 5  
TZOWD 11 
T Z O R U  11 
TZOPL)  11 
T Z O P D  12 
T Z O R D  1 2  
T Z O n P  1 2  
T Z O R D  13 
T Z O R O  13 
T Z O R U  13 
T Z O k O  1 4  
T Z U R D  1 4  
T Z O R D  1 4  
T Z O R D  1s 
TZORL) 1s 
T Z O R O  15 
T Z O K D  16 
T7OFiO 16 
T Z O R r )  16 
T Z O H U  1 7  
T Z O H D  1 7  
T Z O k D  1 7  
T Z O H D  1 h  
T Z O R U  1 4  
T Z O H D  I d  
T Z O k D  19 
T Z O H D  19 
T Z O R O  1 9  
T Z O R D  2 0  
T Z O H D  2 U  
TZORI )  2 0  
* A F O R D  1 
NAFORC) 1 
W A F O Q O  2 
~ P F O R D  2 
aAFOPT, 2 
K A F O Q C )  3 
h A f O R D  3 
*fiFOF(II 3 
rAFOQi)  4 
CAPFORL) 4 
C A k O d [ >  4 
waFOF.’I) 1 
b A F O R D  5 
r r 4 F O R D  5 
b A F O R D  5 
k b F @ r l O  b 
W A F O H 0  b 
C A F U H D  h 
-.030 -. 0 2 5  -.03H - .010  0 5 1  - e 0 1 3  - . 0 4 8  - . 0 6 9  
- . 0 4 8  -. 0 7 4  
-e034 
- . 0 6 4  
- . 0 2 R  
-.03H 
-. 0 2 5  -. 0 3 6  -. 0 2 3  -.u3ci -. 0 2 8  -. 0 2 5  -. 0 4 3  - . 0 3 6  
- . u 4 3  
- . 0 6 9  
- . u10  
- . 041  
- e 0 1 3  
- . 0 4 1  
-.n20 -. 0 3 5  -. 0 4 3  -.Oh6 
-. 033  -. 0 5 a  
- e 0 4 1  -. 0 7  1 
-. 038 
- . 076  
-. 0 3 b  
-.Ob4 
- . 005  
- . 0 4 3  
- .out4 -. 0 4 3  -.ooFI 0 4 3  - . 0 1 0  - . 0 4 3  - e 0 2 5  -. ns8 
-.os3 
- . 020  - .003  
- e 0 4 1  
- .OOR 
0 4  1 
- . O O R  -. 0 4 3  - . 0 3 6  -.056 -.o 3 w  - . O H 1  
- . 0 0 3  
- .025 
- . 0 0 3  
- . d28  
- . 0 0 3  
- . u 3 3  
- .(I10 
- . u 4 3  
- . 0 1 3  
- . 0 4 3  
-.01R -. 0 3 d  -.0%3 - . 0 4 b  - . U ? 5  - . 0 6 5  
, 0 0 5  
- . 0 1 3  
.oos 
- . 0 1 5  
. 0 0 5  
- . O l P  
. 0 0 5  
- . 0 2 5  
0 . 0 0 0  
- . 0 2 8  
- . 0 0 5  
- . 0 2 R  
- .005 
-.023 
-.OOH -. 0 3 0  - . 0 1 0  - . n 4 3  
, 0 1 5  
. 0 0 5  
a 0  1 5  
. 0 0 3  
.o le  
0 . 0 0 0  
.02n  
- . O O 8  
.01A -. 0 05 . 0 1 9  -.003 .0 15 - . 0 1 0  . O l O  - e 0 1 3  
. 0 4 3  
.033 
. 0 4 3  
. 0 3 u  
. 1 1 0  
2 . 3 2 -  
. 0 4 3  
. 0 2 p  
. 0 4 3  
. o  3 0  
( J 4 3  
. 0 4  1 
0 4 6  
.O?H 
. 0 4 3  
. 03n  
. 0 4 3  
.03a 
. 0 3 4  . Oh4 
. 0 9 ?  
2 . 2 3 2  
. 1 4 7  
2 . 3 1 0  
. ? 5 ?  
3 . 2 1 h  
.279 
3 . 2 3 4  
. 4 5 1  
3.*7F( 
. t ,45 
3 . 6 h 7  
.e?,? 
3 . 7 4 3  
1.148 
3 . 7 3 7  
1 . 1 9 2  
3 . 7 4 5  
1 . 1 9 3  
3 . 7 4 0  
1 . 5 4 1  
3.SY2 
.(I77 
2 . 2 5 6  
.IO2 
2 . 5 5 1  
. 1 5 P  
2 . 8 3 2  
.4Q3 
3 . 4 9 4  
. h Y  1 
3 . 6 4 7  
,900 
3 . 7 5 2  
1 . 5 7 4  
3 . 5 H 3  
. 0 7 J  
2 . 2 h l  
. l a 7  
2 . 5 9 1  
. 1 b 3  
2.+?3h 
.?e3 
3 . 2 4  0 
.so1 
3 . 4 9 9  
.e99 
3 . 6 9 4  
. 4 7 3  
3 . 7 0 7  
1 . 5 7 3  
3 . 5 7 Q  
. 0 7 4  
2 . 2 0 6  
. I 0 5  
2.51 1 
1 b? 
2 . 7 9 9  
, 2 7 6  
3 .207  
. 4 9 7  
3 . 4 6 7  
. h 9 5  
3.654 
. d h Q  
3 . 7 1 1  
1 . 1 8 0  
3 . 7 0 5  
1 . 5 0 3  
3 . 5 3 7  
U72 
2 . 1 1 4  
. 1 ns 
2 4.3’5 
. I 6 1  
2 . 7 2 9  
. 2 P 2  
3.139 
. 50  0 
3 . 4 1 0  
.h95 
3 . 5 9 7  
. b h h  
3 . 6 4 5  
1 . 1 7 3  
3 . 6 4 2  
1 . 4 7 0  
3.45jY 
. 0 3 1  
1 a 9 7 7  
. 1 2 1  
2 . 3 1 5  
. . l h R  
; ? . b l l  
.2*9  
3 . 0 2 7  
e507 
3.317 
. 7 0 2  
3.513 
b 7 3  
3 . 5 5 6  
l . l a 0  
3 . 3 5 4  
1 e 4 6 0  
3 . 3 3 H  
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TABLE III. - Concluded 
















0 . 0 0 0  
1.608 
0 . 0 0 0  
1.607 
0 .000  
1 625 
0 . 0 0 0  
1.634 
0 .000  
1.675 
0 . 0 0 0  









































































1 h 5  
2.071 





1 . H 7 Y  
. HFIh 
1 .s49 














































. 2 4 2  





. H I 5  
1.331 













1.11s . b47 1.37r-7 0 . CI












. 9 2 ?  
1.254 
1.130 














1 . Z 0 Y  
1.13s . h*7  1.3Y7 n.o 
.Ob8 
1 789 
. l b l  
1 Y94 
.2H3 
















2 .006  




. H S f i  
l e l h l  
1.169 





. l o 1  
1.355 


















. I 0 9  
1.325 
.215 







1.996 . .*e9 1 . 4 0 ~  0.0 
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T A B L E  1V.- NUMERICAL CONFIGURATION DATA FOR WING WITH 68' S W E E P ,  
CL,des = O. 
I- 
1 See ref. 111 - 
1 1  2 0  21 
2045.16 
25 30. 35. 40. 50 60. 70. tJn. sn. q9. 
100. 
0.0 n .s .75 1.25 2 . 5  5.n 7.5 10. 1s. 20. 
.003 0.000 0.000 72.2e3 
e417 .216 0.000 71.94Q 
a 9 1 9  -432 0 . 0 0 0  71.361 
1.446 a645 0.000 70.H30 
1.956 .664 o.000 70.317 
4.155 1.725 0.000 68.049 
2.489 1.080 0.000 63.764 
3.033 1.293 0 . 0 0 0  63.212 
5.273 2.159 0 . 0 0 0  66.960 
6.281 2.535 0 .000  6'5.763 
6,789 2.703 0.000 6'5.217 
13.907 5.413 0.000 57.942 
20.660 H.120 0 . 0 0 0  S1.153 
27.371 10.820 0 . 0 0 0  44.409 
34.082 13.531 0 . 0 0 0  37.663 
41.092 16.391 0 . 0 0 0  30.592 
47.386 18.943 0.000 2'4.247 
54.000 21.646 0 . 0 0 0  17.590 
60.670 24.351 0.000 10.RP4 
66.980 26.8'49 0.000 4.519 
1.928 1.943 1.948 1.063 1.99'4 1.986 1.944 1.H92 1.745 1.549 
1.344 1.158 .9Hq .81S e 5 0 5  a206 -mol0 -.lo7 - e 0 5 6  e046 
.046 
1.935 1.951 1.956 1.96'1 1.Qq4 l a y 6 9  1.928 leu77 1.730 1.537 
1.328 1.14d e975 . E O 5  .49H e201 - . 0 1 5  -.lob -.0'.1 .04M 
1.890 1.915 1.925 1.935 1.941 1.92~ 1.A47 1.434 1.702 1.521 
1.318 1.140 .')bo .795 . 4 ~ 3  .i93 -.ole -.in4 - . 0 4 h  . O S $  
.048 
. 0 5 R  
1.867 1.864 I.Hb2 1eA62 lee64 1.657 l e f ' 7 6  1.7H1 l.Obl 1.494 
1.306 1.130 -953 .787 .47O -18.7 -e073 -.IO4 -.U43 e051 
e061 
1.745 1.745 1.745 i.74R 1.763 1.763 1.742 1.649 1.3YR 1.450 
1.283 1.113 .94s . 7 ~ 2  .450 . i 7 ~  - . o z d  -.io4 -.043 .053 
.053 
1.605 1.613 1.615 1.623 l.h3h 1.643 1.626 1.595 1.511 1.3t37 
1.247 1.092 .940  HZ .455 .i70 -.033 -.in4 -.u4i .071 
e071 
1.427 1.443 1.448 l.'+hl 1.474 1.491 l.kPl 1.463 1.397 1.298 
1.1fil 1.046 -914 -770 e452 e157 -a038 - . O Y Q  -.Ojj -076 
.07% 
.9a9 ,897 .sob .h99 .432 .137 -.oh6 -. io7 - .028 .ne? 
.089  
0505 0495 -490 .4P3 e505 e567 -648 a 6 9 1  .T3i! -742 
a 7 2 9  e678 ,625 ,546 a 3 7 3  ml27 - e 0 3 9  -a107 e 0 5 6  
.OS6 
0010 0008 - 0 0 6  . 0 0 P  - 0 3 3  m133 -206 -267 -343 .399 
1-036 1.039 1.039 1.041 1.052 1.Ud7 1.110 1.120 1.105 1.059 
-437 .442 .424 . 3 8 v  .32s .2i3 . I  17  OR^ ,201 .36a 
.36H 
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u . 0 0 0  





























T l O R D  1 1  
T 7 O H D  1 1  
T Z O H O  1 1  
T 7 0 k D  12 
T Z O R D  12 
1 Z O H U  12 
T 7 0 f 4 D  13 
T Z U R O  13 
T Z O R D  13 
T Z O R O  14 
TZOHD 14 
T Z O P D  14 
T 7 O H D  15 
T Z O k D  IS 
T 2 O H D  15 
TZOHr I  l h  
T Z n H I )  16 
T Z O k D  16 
T Z O H D  17 
T Z O H O  17 
TZORTJ 17 
T 7 0 R D  1.3 
T 2 O R O  1 H  
T Z O H i )  18 
T Z O k t )  19 
T Z O H D  1q 
T Z O H O  19 
T Z O R D  20 
T Z O H D  20 
T 7 O R D  2 0  
wAFOr7D 1 
k A F O R D  1 
W’AFORD 1 
w A F O R D  2 
WAFORD 2 
WAFORD 2 
W A F O R 0  3 
kAF09D 3 
WAFORD 3 
w P F O c ( D  4 
L A F O R 0  4 
kAFORO 4 
-1.504 -. 399 -1.4Y9 -. 2 3 3  - 1.4R3 -.081 -1.443 .l’)h -1.356 452 -1.156 . 3 4 6  - . Y 5 8  1.257 -.757 1.501 




































































































































































































TABLE lV.- Concluded 
0 .000  
1 737 










0 . 0 0 0  
1.334 




0 . 0 0 0  
1.432 















































k P F O H D  6 
C A F O R D  6 
WAFOWD 6 
NAFOSi )  7 















k A F O N  [) 1 Z 
h IFORI l l 2  
W A F  ORDl3 
wAFGH013 
kAFORnl3 
w A F 0 w 0 1 4 
WPF QHDl4 
k P  FORD 14 
WPFOHPlS 
D A F O ~ I I  15 
lu A F 0 P ii 1 3 










w AFOR L, 1 Y 
w A F O Y O  1 c) 
W A F  O R P 2 0  





















l . 6 9 b  
.121 
2.145 
a184 -267  
2.35q 2.724 












































.144 . 2 5 0  















. l a 5  .274 





























. l l 2  

























1.020 . 740 1 .?SO -.017 
. l o 3  
1 e679 
.145 
1 e e l b  
.204 .29b 
1.912 1 . 9 R A  








l . ?h9  
074 
. l o o  
1.634 
.143 















- 2 4 7  a791 





. d l l  
1. ,246 













1 .0r5  
, 7 3 0  
1 e 9 5 5  . 1 b 5  
126 
1.675 
































TABLE V.- NUMERICAL CONFIGURATION DATA FOR WING WITH 5 5 O  SWEEP, 
PEFP 
XAF 10 





W P F O Q G  5 
k A F O H G  b 





G’A F Qd b 1 2 
k * A F  O P G  1 3  
k AFOkG 1 4  
wAFOQG 15  




k A F 0 U(- 2 U 
T Z O R U  1 
T l O k D  1 
T I O R O  2 
T Z O k l )  2 
T L O R D  3 
TZOHD 3 
T70RD 4 
T l O k D  4 
T 7 0 R D  5 
T Z O R D  5 
T Z O P U  6 
T L O M D  h 
T Z O R L i  7 
T l O R D  7 
T 7 O H U  CC 
T70RD H 
T Z O H D  Y 
T Z O k D  Y 
26 




-.112 -. 097 -. 1 0 9  -. 094 -. 104 
- e  130 
-.112 -. 142 
- a 1 0 7  -. 1 l ?  -. 102 
-.094 
-.Ob9 
-.OB1 -. OH4 
-.094 -. 074 
-.076 
-.028 





0 . 0 0 0  
1.721 
0 . 0 0 0  
1 e574 
1.509 
0 . 0 0 0  
1.496 
0 . 0 0 0  
1.496 
0 .000  
1.498 
0 . 0 0 0  
1.502 
1.983 





- . O R 9  




- . i n4  
- e  Od6 
-.U9Y 
-.074 








- 0 6  1 
2.333 
066 



















- e 1 1 4  
-.112 -. 109 
- . l o9  -. 104 
-.U89 
-.097 
-.O74 -. OH4 -. U69 -. 064 
-.074 -. 07 1 
- . U S t l  
-.023 






. 045  
2.50K . Oh6 
2.282 
. U Y b  
2.054 
-0 '46 
. l o 1  
1.765 
093 
1.7Y7 . 1 0 5  
l e a 0 7  
1 .aos 
-. 04 1 
-.122 -. 048 
124 
-.OH4 
- 0  127 
- . O R 1  
-a117 
-a114 -. 109 -. 107 
-a104 






























-e051 -. 122 -. Oh4 -. 124 
-.of39 
124 -. 091 
-.112 
- a 1 1 4  









- . 0 4 H  
- 2 6 1  
3.652 






















- . I 22  -e130 
-.099 - . l o2  
-e117 -e119 
-.093 - . l o7  
-e104 -.10Z 
-.114 -.114 




-.OH4 - . O R 9  
-.OH1 -.OH4 
- a 0 8 1  - . O P 6  




- .009  - . O O R  









- 4 4 8  - 6 1 7  
3.617 3.953 




- 4 3 9  -609 
2.002 2.034 




109 -. 104 
127 
-e104 -. 117 
- . l o9  -. 104 
-e114 -. 1 0 2  -. 114 
-.U99 -. 097 
-.099 




























- . l o 2  
-.0d4 
- . lo4  
-.112 -. 1 0 9  -. 119 -. 112 
-.114 
-.112 
-.099 -. 112 
- . 0 9 7  
- * u 9 9  
- . l o2  










4. b37  
1 171  
1.114 














- . l o 2  
- e 0 3 0  
1 07 -. 076 






- . l o 9  




























1 . 3 7 ~  
TZOR[ )  1 0  
T L O R D  I O  
T 7 c ) R D  11 
T Z U R O  11 
TZORCI 1 2  
T Z O H D  12 
T Z O R D  13 
T L O R D  13 
TZOWD 1 4  
T 7 O R D  1 4  
T Z O R D  15 
T Z O H D  1 5  
T L O R U  16 
T 7 O R r J  1 6  
T Z O H G  17 
T Z O R D  17 
TZOWD 1 8  
T 7 O R D  l b  
T Z O P D  1 9  
T Z O R D  1 9  
T Z O R D  20 
TZOPT,  2 0  
lkPF041) 1 
b A F O R P  1 
WAFORD 2 
MAFORD 2 
C A F O d D  3 






k A F O H D  6 
N A F O Y D  7 




W 4 F O H D  9 
kAFORO1 fl 
MAFORD1 0 





0 . 0 0 0  
1 e508 




0 . 0 0 0  
1.515 
0 .000  
1.520 
0.000 
0 . 0 0 0  
1.47e 
0 . 0 0 0  
1 e531 
1 . 4 ~ 2  
.076 .039  
1.693 1.828 
- 0 6 3  m U Y 3  
1.702 1.H36 
- 0 6 7  e097 
1.699 let532 











l . 0 A 4  1.845 















































































1 e R h 3  
A59 

































































VA F ORD 13 
k AFOROl 3 
kAFUR014 











C A F  O R O Z O  
WAFOI-7DZ 0 
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TABLE VI.- NUMERICAL CONF’IGURATIQN DATA FOR WING WITH 550 SWEEP, 
1 1  20 20 
2045.16 
0. .5 . 75 1.25 2.5 
25. 30 35. 40. 50 
0.000 0.000 0.000 54.529 
.2Y5 - 2 1 6  0.000 54.224 
-597  - 4 3 2  0.000 53.917 
.907 -648  0.000 53.612 
1.219 e864 0.000 53.299 
1.537 1.080 0.000 52.982 
2.065 1.448 0.000 52.448 
2.469 1.727 0.000 52.045 
3.104 2.159 0.000 51.372 
3.665 2.540 0.000 50.785 
5.032 3.495 0.000 49.329 
10.066 6.988 0 . 0 0 0  44.232 
15.099 10.483 0.000 39.210 
20.089 13.975 0.000 34.224 
25.070 17.470 0 .000  29.258 
30.061 20.963 0.000 24.239 
35.016 24.458 0 .000  19.261 
39.995 27.950 0.000 14.232 
44.961 31.445 0 .000  9.220 
49.903 34.940 0.000 4.209 
[see ref. 14 











- *  048 . 020 
-e056 
a015 
- e  145 
0.000 








076  . 099 









- e  056 
-SO41 -. 102 





089 -. 579 








- 0 1 8  
089 
. o l e  






-.os3 -. 102 
094 
-a097 
-0155 -. 102 
-.206 
- m  107 











- 1 0 4  e127 
-e013 -e043 

















e064 - 2 0 3  
-e409 -a378 
. l h 8  .282 
- 1 8 5  ,262 
-.203 -.18A 
PEFA 
S. 7.5 10.  15. 20 . XAF 10 
60. 7 0 .  80. 90 100. XAF 20 





124 -. 107 
094 
-0112 
.061 -. 117 
.010 -. 124 -. 025 -. 147 
- *  076 
-.279 
-e117 









e203 - 2 1 3  - 1 9 8  
-.135 -.140 -.071 
m203 ,203 e191 
-.137 -.142 -.074 
.165 .175 .17H 
.13? .127 .132 
-.137 -.147 -.079 
. l o 4  . l o 2  .,us9 
-.142 -0152 -e084 
,079 .079 .071 
-e145 em155 -.On9 
e 0 3 6  - 0 4 6  mu51 
-e142 -a155 -.086 
- 0 0 8  -023 e036 
-e142 -e155 -a084 
-.038 -.013 .015 
-e259 -e193 -a099 
-.079 -.043 -.008 
-.307 -.27;! -e213 
-e170 -e132 - e 0 7 9  
-e165 - e l 2 7  -e038 
-e470 -e427 -.348 
e432 - 5 2 8  - 6 1 2  
-e287 -a244 -..A73 
-475  - 5 6 9  - 6 4 3  
-e130 -e104 -e048 
-e137 -e145 -.UT6 
.419 .4ao .5s9 
.185 
- 0 7 1  














.o 0 8  













k A F O R G  7 
kAFORG A 
k A F O R G  3 
wAFORG10 
wAFORG11 









T Z O H D  1 
T Z O P D  2 
T Z O k D  2 
T Z O H D  3 
T Z O H U  3 
TZOHL) 4 
T Z O R U  4 
T Z O R O  5 
T Z O R O  5 
T Z O R P  6 
T Z O P D  6 
T Z O R D  7 
T Z O R O  7 
TZOHL) 9 
T Z O R U  H 
T Z O H O  9 
T Z O w D  9 
T Z O F U  1 0  
T Z O H O  1 0  
T Z O R O  11 
T Z O P D  11 
Ti’OHD 12 
T Z O P D  12 
TZOWD 13 
T Z O P D  13 
T Z O H O  14  





TABLE VI. - Concluded 












0 . 0 0 0  
2.020 
































0 .000  
1 e563 
0 . 0 0 0  
1 e609 
0 .000  
2. 294 
-0030 























0 52  
1.600 
0 0 2 8  
1 e588 . 0 35 
1.604 
026 
1 e612 . 0 24 
1.638 
,012 

















- 5 1 8  














2.678 . OH5 




















































































- 3 1 2  
- 5 2 3  























. l a 8  
2 s 265 
.185 
1.963 






















-0018 . 373 



































































































































- 6 4 6  
1 e219 
654 
1 . 2 ~ 6  






- 6 5 5  
1 e 344 












































- 5 1 5  
.766 

































































0 . 0  
T Z O R D  15 
TZORD 15  




T Z O R O  1 R  
T Z O H D  19 
T Z O R D  19 
TZUHD 2U 




































k A F O H O l H  
WAFOR019 
W AF OR019 
kAFORL)ZO 
WAFOH020 
TZOHD i a  
?1 = 3 . 5  
Figure 1.- Model planforms. All dimensions are in em. 
31 
P 
L- 74-66 56.1 
(a) 7 6 O  sweep (upper surface). 





(b) 7 6 O  sweep (lower surface). 





Figure 2.- Continued. 
34 
W '  
t 
CL,des = O m o  
L-'74-6659.1 
( c )  68O sweep (upper surface). 
Figure 2.- Continued. 
35 
L-76-2141.1 
(d) 6 8 O  sweep (lower surface). 
Figure 2. - Continued. 
36 
(e) 55O sweep (upper surface). 
Figure 2.- Continued. 
37 
L- 76-2 143.1 
(f) 5 5 O  sweep (lower surface). 
Figure 2.- Concluded. 
38 
_- I ,  I 
c ~ ,  des 
0 0. I 
0 0  
0 .05 
-.04 2 3 4 5 2  3 4 5 2  1 3 4 - 5 
Mach number, M Mach number,M Moch number, M 
(a) A = 760. (b) A = 68'. (c) A = 5 5 O .  
w 
W 
Figure 3. - Summary of longitudinal aerodynamic characteristics. 
40 
- 
CY = 6' (CL = 0.1) 
, 
CY = 6O 
Upper surface 
CY = 90 L-76-196 
(a) 76' sweep flat wing. 
Figure 4.- Oil-flow photographs. 
Upper surface 
o! = 4.50 (CL = 0.1) 
Upper surface 
o! = 90 
(b) 76O sweep cambered wing. 
Figure 4.- Continued. 
- 
L-76 - 197 
41 
CY = 4.5O (CL = 0.1) 
Lower surface 
(I, = 9 0  
L-76 - 198 
(b) Concluded. 
Figure 4. - Continued. 
42 
a! = 5.50 (c, = 0.1) 
L-76-199 
(c) 550 sweep flat wing. 
Figure 4.- Continued. 
43 
CY = 5.50 (CL = 0.1) 
L-76-200 
(c) Concluded. 
Figure 4.- Concluded. 
44 
0 Experiment 
---- Corlson-Middleton ( re f .  16) 




.02 . - 
-- 
A - - -  - - -  --..-.---I 
. I  0 . I  0 .I 0 
CL,des  CL, des 
0 L A ,I_- 
C L , d e s  
(a) A = 76O. (b) A = 68'. (c) A = 55'. 
Figure 5.- Effect of design lift coefficient on (L/D)max and C,O at design Mach number of 3.5. 
U Experiment 
------ Woodword (ref. 20)  
Corlson-Middleton ( re f .  16) 
Tongent wedge (ref. 21) 
-0- Experiment 
Woodword (ref, 2 0 )  
Horris (ref.  2 3 )  
Tangent. wedge (ref.21) 
- - - - - - - 
Comber drog Wave drag 
cD,W .004- - i_ 
(a) A = 76'. 
o - ~  I I I J - .004 - 
(b) A = 68O.  
, ~. 
5 
0 ' _  __ -.004 --- 
2 3 4 5 2 3 4 
Mach number, M Mach number, M 
(c) A = 55'. 
Figure 6. - Effect of Mach number on camber and wave drag. CL,des = 0.1. 
0 Experiment 
~ Corlson-Middleton (ref. 16) 
Pol homus suction ona I ogy(ref .I 5) 
Woodward (ref. 20) 
Tangent cone 




/:--.. - 1  
. I  - 




- . I  t - 16 - , I  L - 16 - . I  1 '  - 16 
.12  - 
. l o -  
I '  
.04 - 
.02 - 
" - . I  0 .1 .2 3 .4 1 .1  0 
- 8  
Q.deg 
- 4  
--a 
M.4.6 
n 0 I I 
. I  .2 .3  .4 
CL CL 
(a) 76O sweep; CL,des = 0.0. 
Figure 7.- Comparison of experimental and theoretical results. 
o Experiment - Corlson-Mlddlefon(ref. 16) 
Polhomus sucfton onology(ref.l5) 
Woodword (ref. 2 0 )  




-- i / Newtonian 
/’ 




- . I  L 
. I  2 
~ 





7 16 -,I i 
M.2.3 
0 
0 -  I I 
-.I 6 .1 .2 . 3  .4 
CL 
(b) 76O Sweep; CL,des = 0.1. 
Figure 7.- Continued. 
- . I  - 
I L 




. - -. Polhamus suchon analogy(ref, I51 
Woodward (ref. 201 -. 
Newtonian 
0- , I I 1 
- . I  0 . I  .2 .3 .4 0.1 0 .1 . 2  3 .4 
CL CL 
( c )  68O sweep; CL,des = 0.0. 
Figure 7.- Continued. 
I I 1 




o Experiment - Corlson-Middleton(re1. I61 
Polhamus suction analogy(ref. I 5 1  
Woodward (ref. 20)  
Newtonian 
Tongent cone 
- - -. -_ 
- . I  L 
,' / .04 - 
I I 
9. I 0 .1 .2 .3 .4 
CL 
I' i 16 - . I  L 







, I I I 1 
. 2  3 .4 0 .1 .2 .3 .4 9.i 0 . 1  
CL 
(d) 68' sweep; CL,des = 0.1. 
Figure 7. - Continued. 
CL 
.I I -  
o Experiment 
~ Corlson-Middleton(ref.16) 
Polhamus suction onalogy(ref. 15) 
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A = 5 5 O ,  CL,des = 0.0, and M = 3.5. 
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APPENDIX A 
STABILITY-AXIS COEFFICIENTS 
Stability-axis force coefficients for the seven wings tested a r e  given in tables A-1 

















TABLE A-1. - STABILITY -AXIS FORCE COEFFICIENTS FOR MNG 
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TABLE A-2. - STABILITY-AXIS FORCE COEFFICIENTS FOR WING 
WITH 76O SWEEP, CL,des = 0.05 
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TABLE A-3. - STABILITY -AXIS FORCE COEFFICIENTS FOR WING 
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TABLE A-4. - STABILITY -AXIS FORCE COEFFICIENTS FOR WING 
WITH 680 SWEEP, CL,des = 0.0 
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TABLE A-5.- STABILITY-AXIS FORCE COEFFICIENTS FOR WING 
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TABLE A-6. - STABILITY-AXIS FORCE COEFFICIENTS FOR WING 
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TABLE A-7. - STABILITY-AXIS FORCE COEFFICIENTS FOR WING 
WITH 55’ SWEEP, CL,des = 0.1 
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Pressure  coefficients for the three wings tested a r e  given in tables B-1 to B-15 
for  the upper and lower surfaces. The 55' sweep wing had pressure orifices on one 
side only. The tunnel flow angularity made it difficult to obtain data at the same angle 
of attack for the lower and upper surfaces. Consequently, the experimental data for 
the 55' sweep wing a r e  presented as upper surface pressures  through a complete posi- 
tive and negative angle-of-attack range. 
96 
APPENDIX B 
TABLE B-1. - PRESSURE COEFFICIENTS FOR WING WITH 76' SWEEP, 
cL,de, = 0.0, M = 2.3 
(a) Q! = -4.06O 
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TABLE B- 1. - Continued 
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TABLE B-1.- Continued 
(c )  a = 4.950 
















TABLE B- 1. - Continued 
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TABLE B-1. - Continued 
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TABLE B- 1. - Continued 
(f) Q! = 9.940 


















TABLE B- 1. - Concluded 



































































PRESSURE COEFFICIENTS FOR WING WITH 7 6 O  SWEEP, 
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TABLE B-2. - Continued 
(c) CL! = 4.90' 
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TABLE B-2. - Continued 
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TABLE B-2. - Continued 
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TABLE B-2. - Continued 
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TABLE B-3.- PRESSURE COEFFICIENTS FOR WING WITH 76' SWEEP, 
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TABLE B-3. - Continued 
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TABLE B-3. - Continued 
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TABLE B-3. - Continued 
(d) CY = 5.73O 
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TABLE B-3. - Continued 
(e) a = 7.730 














TABLE B-3. - Continued 
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TABLE B-4. - Continued 
(c) (Y = 5.12' 
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TABLE B-4. - Continued 
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aoo 
-.ws .I511 
35 -.w2 .m7; 41 



















































TABLE B-4. - Concluded 
(g)  CY = 20.12O 
~. - .  ~~~ - 




















TABLE B-5.- PRESSURE COEFFICIENTS FOR WING WITH 76' SWEEP, 
CL,des = 0.0, M = 4.6 
0.00 
(a) a = -3.45O 



































TABLE B-5.- Continued 
















Cp at 2y/b of; 






































( c )  LY = 5.56O 




















TABLE B-5.- Continued 
(d) CY = 6.56' 





TABLE B-5. - Continued 
( e )  LY = 8.56O 





TABLE B-5. - Continued 
(f) CY = 10.57' 
Cp at 2y/b of;  





















TABLE B-5. - Concluded 
(g)  CY = 20.56' 
Cp at ?y/b of : 
0.60 0.80 0.95 
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I I Il111ll111 
.@9 -.mi 












,600 - .ax0 
.?IO .0138 
.800 .Ill91 






















PRESSURE COEFFICIENTS FOR WING WITH 76' SWEEP, 
CL,des = 0.1, M = 2.3 









































































































(b) a = -0.05' 






















TABLE B-6. - Continued 
( c )  CY = 2.95' 




Cp at 2y/b of; 









* l E  
.101 










, - 151 













TABLE B-6. - Continued 
0.00 
(d) CY = 3.95' 
Cp at 2y/b of: 




TABLE B-6. - Continued 
(e )  a! = 4.95O 













.. .. . ..... . . 
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TABLE B-6. - Continued 
I 0.00 
(f) CY = 5.95O 
































@5 - 2 3 3  .a73 
,037 - 2 7 6  a 2 5 3 6  
061 -2116 .m9 
a56 -2180 -2331 
110 -2127 .m5 
160 -.I691 ,2179 
210 -.1596 ,1726 
250 -.I532 -1515 
300 - e 1 3 7 3  ,1515 
350 - a 1 1 0 7  ,1994 
WO -.lo01 d l l t 8 3  
950 -.lo65 ,1252 
500 -.lo65 ,120 
TI0 
'MO -.1129 .a862 
800 -.1150 ,035 
900 - .1160 ,0535 




TABLE B-6. - Continued 
(g) CY = 9.96' 
Cp at 2y/b of: 







































(h) (Y = 19.95' 




















TABLE B-7.- PRESSURE COEFFICIENTS FOR WING WITH 7 6 O  SWEEP, 
CL,-jes = 0.1, M = 3.0 
(a) Q = -2.08' 
































.06Y - .mo 
-087 - .mo 
.112 -.a68 
-162 - .m5 
.?lo - .mo 
.EO - .m3 
.310 .ooM 
.360 .ms 
30 - .ms 







TABLE B-7. - Continued 
(b) a! = -0.08' 
Cp at 2y/b of : 











































































.210 - .OE 
.BO -.a39 
-310 - a 0 1 1 7  
.360 - .0109 
,330 - .0168 
.460 - .m 
,510 - 4231 
.600 




















.a7 - . m 3  








,400 - . a 3  
.4SO -#I21 
.500 - s o 3 9 6  
.600 ' 
,700 -.a72 
.mo -.a72 - 
.900 -.as9 - 
.so -.a97 - 








































































.I311 - .029 
.@I? - .OK6 
.112 -.@16 
a 1 6 2  - 0 0 1 6 6  
.210 - .OM11 
,260 -.mi 
,310 - .011E 
3 0  -.016F 
.xi0 -.In: 
.960 - .m 
S I 0  
.NO 
.MO - .w 



















,950 -.m -.011 I /  
TABLE B-7. - Continued 
(d) CY = 3.92' 




























TABLE B-7. - Continued 
( e )  (Y = 4.92O 
Cp at 2y/b of ; 
0.40 
.m -.to17 .an: 
.El -.lo29 .m11 
.m -.mo .@I! 
,110 -.@I3 .m7 
1160 -.(I95 .m9 
,209 -.m7 .m 
,259 -.my .E83 
3u9 -4" .EA5 
'356 -.m9 .m5 
'906 -.m9 .E33 
So5 -.078? .fl31 
6011 -.on6 .m 
703 -.m3 -0317 
802 -.ON9 .ON 
902 -.m -0116 





















TABLE B-7.- Continued 
- -  
-.m .Inr 
-.on6 .lo31 
- a m 3  .161( 
- . m 3  .149; 
-.0761 -143' 








































3 3  -.a12 
802 - .@I12 
902 -.am 
952 -.m 

































TABLE B-7. - Continued 
0.20 
x/cuppa hl 
'025 -.lo92 .m 
'037 -.1118 .Pis3 
061 -426 2312 
056 -.IO91 a2186 
110 -.1117 .21U8 
160 -e1123 -2085 
210 -." 4 8 1  
a0 -.m .lWl 
300 -.loo2 .1'116 
350 -*lull  -1391 
100 -.lo73 -1391 
is0 -.lloll -1201 

































































TABLE B-7. - Concluded 
(h) a! = 19.91' 









































TABLE B-8.- PRESSURE COEFFICIENTS FOR WING WITH '76' SWEEP, 
CL,des = 0.1, M = 3.5 
(a) a! = -2.30' 
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TABLE B-8.- Continued 
0.00 
(b) (Y = -0.30' 





















d o 3 8  




a 2 1 0  - .015! 
.EO - .@I1 
,310 - -015t 
3 0  - -012: 
.a0 - .01?'; 
.%O - .@1! 
,510 
.600 
.no - .0149 
.a0 .OK1 
.900 - .E3 
,950 -0713 
TABLE B-8. - Continued 
(c) CY = 2.70' 
Cp at Py/b of; 

















































TABLE B-8.- Continued 
(d) a! = 3.70' 







TABLE B-8. - Continued 
(e )  CY = 4.70° 
Cp at 2y/b of; 
0.95 
APPENDIX B 









































TABLE B - 8. - Continued 
(g )  (Y = 9.70' 































































(h) CY = 19.70' 
Cp at 2y/b of; 
- _  
0.40 - 0,60 0.95 
155 
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TABLE B-9.- PRESSURE COEFFICIENTS FOR WING WITH 76' SWEEP, 
CL,des = 0.1, M = 4.0 
(a) a! = -1.85' 
Cp at 2vlt, of; 
0.40 1 
-- I J I  
0.95 









TABLE B-9. - Continued 
(b) CY = 0.16' 




































. a 3  -63597 










vc U P  
023 
.038 
.I311 - .0197 
d o 8 7  - .0197 
.112 -.0169 
,162 - .01611 
.210 - .0180 
-260 - a0213 
a310 -.0180 
3 0  - .Ol99 
.380 - .ole9 
460 - -0180 
a 5 1 0  
.KID 
a 7 0 0  - -0130 
.Em . m 3  
.900 -&13 












TABLE B-9. - Continued 


























































(d) Q! = 4.160 




















d o 3 8  
.E9 - .@I3 
.@1 - .01!7 
.I12 -.@I3 
a 1 6 2  -.@I3 
,210 - .mo 
.EO - .mo 
,310 - .CmO 
3 0  - .0180 
.BO - .mo 
.%O - .mo 
a 5 1 0  
.m 
.m - .OIBo 
.em .@I6 
.m 
































TABLE B-9. - Continued 
(e) (Y = 5.15O 
Cp at 2y/b of; 
___ 
0.60 0.80 0.95 
16 0 
APPENDIX B 
TABLE B-9. - Continued 
(f) a! = 6 . 1 6 O  
CP at 2yp of ; 
0.60 0.80 0.95 
16 1 
APPENDIX B 
TABLE B-9. - Continued 


























TABLE B-9. - Concluded 
















Cp at 2y/b of; 






,209 - .a33 
a 2 5 3  -.m9 
3 9  -.om3 
3 6  - .a33 
.906 - .m3 
a 5  -.a33 
-6ou -.on6 
. ~ 3  -.on6 






TABLE B- 10. - PRESSURE COEFFICIENTS F O R  WING WITH 76' SWEEP, 
CL,des = 0.1, M = 4.6 
(a) (Y = -1.46' 
. -  
164 
Cp at 2y/b of; 
-. 
I/ 0.60 0,20 /I 0.40 
~ - 
I I I  
I I II I I 11 I I 
IAll 
- .w 




TABLE B-10. - Continued 
(b) a = 0.53' 




TABLE B- 10. - Continued 
(c) (Y = 3.54O 
Cp at 2y/b of; 











TABLE B-10.- Continued 
(d) 0 = 4.53' 
.. . 


































TABLE B-10. - Continued 
(e)  Q! = 5.530 
- 
Cp at !y/b of; 
0.40 /I - 0 . i  O,&o 0.95 
16 8 
APPENDIX B 
TABLE B-10. - Continued 
(f) CY = 6.54' 





TABLE B- 10. - Continued 
(g) CY = 10.54' 















TABLE B- 10. - Concluded 
I 
0.00 
(h) IY = 20.54' 
- - - . . - . - __ _ _  .- 
Cp at 2y/b of;  
1 I -- 
r/c upper loner x/c Iu,, 
- 1  I 1 - 1  1 -  1 
0 8  0.95 
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TABLE B-11.- PRESSURE COEFFICIENTS FOR WING WITH 55' SWEEP, 
r- 
(a) a = -14.30' 






























TABLE B- 11. - Continued 
Low 
(b) CY = -10.20' 















TABLE B-11.- Continued 
(c) CY = -8.19' 


































(d) (Y = -6.18O 



























































TABLE B- 11. - Continued 

























TABLE B- 11. - Continued 
(f) (Y = -2.19O 


















































(g) CY = -0.190 








TABLE B-11. - Continued 
I I 0.00 
(h) CY = 1.81' 
c p  at 2yp of : 
0.40 

































1.550 1 .m 
TABLE B-11. - Continued 
(i) a! = 3.82O 






























TABLE B-11.- Continued 
(j) (Y = 5.81° 























TABLE B- 11. - Continued 
(k) CY = 7.81’ 
























(1) Q! = 9.81' 






























































(m) a = 13.82O 

















TABLE B-12.- PRESSURE COEFFICIENTS FOR WING WITH 5' SWEEP, 
CL,des = 0.0, M = 3.0 
(a) (Y = -14.20' 
I dm 




TABLE B-12. - Continued 
(b) (Y = -lO.lOo 








TABLE B-12.- Continued 
( c )  O! = -8.14’ 
Cp at Zy/b of; 





TABLE B- 12. - Continued 
(d) CY = -6.15O 
Cp at 2y/b of; 




TABLE B- 12. - Continued 
( e )  Q! = -4.15O 




TABLE B- 12. - Continued 
(f) CY = -2.15' 






TABLE B- 12. - Continued 
(g) LY = -0.15' 
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TABLE B-12.- Continued 
(h) CY= 1.86' 
- .  . -. 








TABLE B- 12. - Continued 
(i) a! = 3.86' 





TABLE B- 12. - Continued 
(j) a! = 5.85' 
. -. .. . .  . 
Cp at 2y/b of; 
1- 
1 - .  
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TABLE B-12.- Continued 
(k) LY = 7.85' 
. - .  ~ .. . . 















TABLE B-12.- Continued 
(1) Q, = 9.86O 
. . . 












































TABLE B-12.- Concluded 













(m) CY = 13.84' 





















PRESSURE COEFFICIENTS FOR WING WITH 5' SWEEP, 
CL,des = 0.0, M = 3.5 
I 
I + 
I  boo 0.20 
uwi Lrm 
(a) a! = -14.40' 
.. 






























































(b) 01 = -10.30’ 































































TABLE B-13. - Continued 
h 
0.00 
( c )  (Y = -8.39O 






. ..... . . . - . . 
0.00 
APPENDIX B 
TABLE B- 13. - Continued 
(d) CY = -6.39O 






















TABLE B-13.- Continued 
(e) CY = -4.39O 









L - 202 
0.00 
APPENDIX B 
TABLE B- 13. - Continued 
(f) = -2.39' 

















0.60 0.80 0.95 
203 
.& 
APPENDIX B ' 

















(g)  a! = -0.110 













n i  






Lmer x/c upper Lorrw 
. l9Y 
.Pi6 .m9 
3 2  - .aPY 
.450 - -0068 
-610 - 4" 
.El0 -.m2 
APPENDIX B 
TABLE B- 13. - Continued 
(h) LY = 1.61' 





TABLE B- 13. - Continued 
(i) CY = 3.61' 












i 1 0.00 
APPENDIX B 
TABLE B- 13. - Continued 
(j) a! = 5.61° 
Cp at 2y/b of ; 







































TABLE B-13. - Continued 
















Cp at 2y,h of : 






































































TABLE B-13.- Continued 
-.E41 













































. .  
(1) (Y = 9.61' 

























































TABLE B- 13. - Concluded 
























































(a) (Y = -13.90° 
. - .. - - . 






TABLE B-14. - Continued 
0.40 
Jpper 















(b) CY = -9.94O 
J P P  
.230 
-2273 





























. E l 0  



















































































(c) (Y = -7.940 













































































(d) CY = -5.94' 
Cp at 2y/b of; 


































a 0 1 1  .m6 
.too .ax6 
.150 .m7 
.XI0 - 0 8 3 Y  
.EO .OB 
.300 .Mi3 









TABLE B- 14. - Continued 
(e)  a! = -3.94O 








































TABLE B-14. - Continued 
(f) (Y = -1.96' 












































TABLE B- 14. - Continued 
Lout 
(g) LY = 0.05' 




















































TABLE B- 14. - Continued 
(h) CY = 2.05O 










TABLE B-14. - Continued 
(i) 01 = 4.05O 






































































- a 1 2 3 8  








































































TABLE B- 14. - Continued 
(1) CY = 110.05O 



























































TABLE B-14. - Concluded 
(m) CY = 14.06' 





























TABLE B-15.- PRESSURE COEFFICIENTS FOR WING WITH 5' SWEEP, 
CL,des = 0.0, M = 4.6 












































































































TABLE B-15.- Continued 
T 
(b) CY = -9.21’ 




TABLE B- 15. - Continued 
0.40 

















(c) CY = -7.210 
I
Lont 






































TABLE B-15.- Continued 


































TABLE B-15. - Continued 
(e) a! = -3.22O 
Cp at Zy/b of; 
0.40 
Io0 
RO - -001: 
0.80 































- a 0 1 9  
(f) (Y = -1.220 
Cp at 2y/b of ; 
_.  
0.60 0.80 0.95 
229 
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TABLE B-15. - Continued 
(g) = -0.29' 




TABLE B- 15. - Continued 
(h) = 2.78’ 
CD at 2y/b of : 
0.60 035 
23 1 
I I I I IIIIIIIIII Ill I1 I~l1l11l11l11111111l1 
APPENDIX B 
TABLE B-15.- Continued 
(i) (Y = 4.78' 










TABLE B-15. - Continued 
(j) a! = 6.78O 







TABLE B- 15. - Continued 
(k) = 8.78O 
- _ _  . -  - 
Cp at 2y/b of ; 




TABLE B- 15. - Continued 
(1) (Y = 10.79' 















TABLE B-15.- Concluded 
(m) a! = 14.79O 
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